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Introduction
In selecting topics for a symposium on an area as broad
as acid-base homeostasis, one is forced into a number of
difficult decisions concerning which subjects to include and
which to exclude. The topics selected were those I felt
would be of greatest interest to an audience of nephrologists,
but inevitably the selection is colored by my own interests
and prejudices.
The first contribution in the symposium, by Drs.
Lemann and Lennon, gives a broad perspective to overall
acid-base homeostasis and reviews the experimental at-
tempts to quantify the relative contributions of diet, meta-
bolic production of organic acids, gastrointestinal losses,
buffering by bone and renal net acid excretion to acid-base
balance. The next four papers deal more specifically with
the role of the kidneys in acid-base physiology and patho-
logy. In recent years it has become apparent that the
acidifying capacity of the kidney can be influenced by a
wide variety of factors (plasma HCO3 concentration,
Pco2' K+, GFR, extracellular volume). The effect of some
of these factors, particularly extracellular fluid volume,
has been so profound and pervasive that it has been very
difficult to identify and quantify the relative contribution
of some of the other factors with classical clearance or
micropuncture techniques. In the second paper by Drs.
Malnic and Giebisch a new method for studying tubular
secretion of H+ is described, which provides a means of
investigating each of the various regulatory factors inde-
pendently of the others. It is clear from their results pre-
sented in this symposium that our current concepts con-
cerning the capacity of the tubule to secrete H the
coupling between 11+ secretion and Na+ reabsorption,
and the source of secreted H+ will undergo marked
changes in the near future.
In 1948, Dr. Pitts presented evidence that chronic meta-
bolic acidosis induced an adaptive increase in ammonia
production by the renal tubule. During the intervening
years a number of explanations for the adaptive increase
in ammonia production have been advanced and found
wanting (enzyme adaption, substrate availability, production
inhibition). In the third paper of the symposium, Dr. Pitts
reviews the current status of this problem and advances
the new hypothesis that the critical step in the control of
ammonia production by the renal tubule is the entry of
glutamine into mitochondria.
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In the fifth paper, Drs. Morris, Sebastian, and McSherry
review the various types of renal acidosis. One of the most
fascinating problems emerging in this area is the role of
parathyroid hormone in the pathogenesis of the acidosis in
both renal tubular acidosis and chronic renal failure. It is
clear that administration of parathormone in large doses
can induce a proximal type of bicarbonate wastage, that
parathormone is essential for the full expression of renal
tubular acidosis, and that it probably accounts to some
extent for the bicarbonate wastage of chronic renal disease.
What is not clear, however, is, that if parathormone is such
a potent inhibitor of proximal bicarbonate reabsorption,
why hyperchloremic acidosis is not a more common finding
in primary hyperparathyroidism and whether parathormone
plays any role in normal acid-base physiology.
The remainder of the papers were selected to provide a
basis for understanding the profound effects of acid-base
disturbances on various organ systems. The paper by Dr.
Relman surveys the effects of pH changes on various steps
in intermediary metabolism. These effects have far-reaching
consequences concerning energy production and utilization,
and the possible role of organic acid production as a homeo-
static mechanism in normal acid-base physiology. Of great
concern to clinical nephrologists are the profound effects
of metabolic acidosis on the central nervous and cardio-
vascular systems. Dr. Siesjö reviews the current concepts
concerning the control of pH of cerebrospinal fluid and
the evidence that ventilation, cerebral blood flow and cere-
bral metabolism are all to some extent controlled by H+
ion concentration of cerebrospinal fluid. In the last paper
of the symposium, Drs. Mitchell, Wildenthal and Johnson
review the effects of acid-base changes on cardiovascular
hemodynamics and oxygen-carrying capacity of the circu-
lation. Clinically there are two important aspects to this
latter problem. The pioneering studies of Harvey and her
associates in cholera patients showed that severe metabolic
acidosis greatly reduced the capacity of the venous circu-
lation by producing venoconstriction. As a consequence,
fluid replacement without correcting the acidosis could
result in severe pulmonary venous congestion with an as-
sociated high cardiac output. This would argue in favor of
correcting severe metabolic acidosis, particularly in patients
with underlying cardiovascular problems. The other side
of this problem, however, illustrates the dangers of too
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rapid correction of metabolic acidosis. During metabolic
acidosis the lowered pH influences the hemoglobin-oxygen
dissociation curve in two ways: by directly changing the
hemoglobin-02 dissociation constant (Bohr effect) and by
decreasing the red cell concentration of 2,3-diphospho-
glyceraldehyde (2,3-DPG). These two effects counteract one
another so that in chronic metabolic acidosis the hemo-
globin-02 dissociation curve is not significantly altered. If,
however, the acidosis is acutely corrected the direct pH
effects (Bohr effect) will markedly increase the 02 affinity
of hemoglobin. Since the effect of pH on increasing red cell
2,3-DPG requires hours, there will be an acute, transient
increase in the affinity of hemoglobin for 02. If, at the
same time, the patient has poor pulmonary function, with
some shunting of blood, arterial p02 will be disproportion-
ately reduced and cerebral 02 extraction may be impaired
to the point of producing serious cerebral ischemia.
For reasons of space a number of important topics, such
as respiratory acid-base disturbances and organic acid
acidoses, have been omitted. For reasons of prejudice, the
question of "the use of pH versus the use of hydrogen ion
concentration" has been specifically excluded. It is my
personal view that the thermodynamic arguments advanced
by various writers apply with equal force to either side of
this controversy. Certainly the chemical or electrochemical
potential of a substance or ion is a logarithmic function of
its concentration and, in addition, transmembrane potential
differences are related to the logarithmic function of the
ionic concentrations. Thus according to this argument the
log of H+ ion concentration, or pH, is a more rational
expression than H+ ion concentration. If one accepts this
line of reasoning, however, it would follow that the con-
centration of other substances and ions (glucose, Na+,
K+, Cl), which are now, because of tradition and con-
venience of measurement expressed in simple arithmetic
terms, should also be expressed logarithmically. On the
other hand, if one considers not simply the electrochemical
potential or activity of a substance, but rather its rate of
reaction or movement from a higher to a lower concentra-
tion, then for first order processes one must include terms
for the rate constant, the number of particles upon which
the force is exerted (concentration term) and the force or
electrochemical gradient (log concentration term). When this
expression is integrated over time and distance, the rate
becomes a simple arithmetic function of concentration (or
concentration differences). Thus, thermodynamic argu-
ments provide little help in choosing one expression over
the other. Arguments based on statistics are probably more
pertinent to this question: whether it is better to use pH or
}{+ ion concentrations in calculating mean values and
standard deviations. The answer to this question, however,
depends on whether in a normally distributed population
the values of blood pH or blood H+ ion concentration
assume a normal Gaussian distribution. Despite the tremen-
dous number of blood pH measurements, this simple
question, as far as I am aware, has not been conclusively
answered: further arguments on this issue, therefore, would
appear rather fruitless and have thus been avoided in this
symposium.
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